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A macrocellular cellular telephone system has 
cells (macroceJIs) CI and CM. All the cells Ct broad- 
cast a particular Location Area Identity (LAI), and aO 
the cells Cll broadcast a different LAL Upon receipt 
of an LAI, a macrocellular mobile station (MS) re- 
sponds and the network thus knows its whereabouts. 
Communication is thus established with that MS by 
broadcasting from all cells within the appropriate 
area I or IL The network is also capable of offering a 



more restricted service to subscribers to a microceh 
tular system - for example, service in large cities or 
towns identified at A3 and (X Microcells in these 
areas transmit LAI's which differ from the LAI's 
transmitted by the cells available for macrocellular 
subscribers. By means (for example) of its lower 
power level, a microceUuJar subscriber MS can be 
distinguished from a macrocellular MS and can be 
dented service unless it is within an area A3 or C. 
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The invention relates to cellular telecommuni- 
cations networks and methods. Embodiments of 
the invention to be described relate to cellular 
telephone networks involving mobiles including 
hand-held portable telephones, which can commu- 
nicate with each other and with fixed telephones. 
However, the invention may be appfied to any 
other type of cellular telecommunications network. 

According to the invention, there is provided a 
cellular telecommunications network for permitting 
communication with the subscriber equipment of at 
least two separate subscriber systems, th which the 
ceQs of the network cannot aO be used by the 
equipment of each of the systems; and including 
means for respectively transmitting from the ceDs 
signals identifying the particular subscriber sys- 
tems whose equipments can use the ceOs and in 
which each subscriber equipment includes means 
operative in response to receipt of such identifying 
signal for producing a responding signal identifying 
the subscriber system to which the equipment be- 
longs. 

According to the invention, there is further pro- 
vided a cellular telephone network for serving sub- 
scribers to a macroceOular system and also for 
serving subscribers to a microceOular system, and 
defining a plurality of ceOs which can aO be used 
by subscribers to the macrocellular system but 
which cannot all be used by subscribers to the 
mtcrocellutar system, and in which the ceOs are 
grouped so that the ceils of each such group all 
transmit the same Location Area Identity signal 
(LAI) which differs from the LAI transmitted by the 
ceOs of at least aB the other adjacent groups, and 
including means in each subscriber equipment to 
respond to a received LAI by transmitting a re- 
sponding signal identifying whether the equipment 
belongs to the macrocellular or the microcellular 
system, and means in the network for blocking 
service to equipment identified as belonging to the 
microcellular system unless the LAI identifies the 
group of cells as being available for use by sub- 
scribers to that system. 

According to the invention, there is also pro- 
vided a method of operating a cellular telephone 
network so as to permit it also to offer service over 
part only, of its area to subscribers to a microcel- 
lular system, in which the cells available for use by 
subscribers to the microcellular network and defin- 
ing the said part of the area are arranged to broad- 
cast a Location Area Identity signal (LAI) differing 
from the LAFs broadcast by cells available for the 
macrocellular subscribers only, and including the 
step of blocking the service to any equipment 
which responds to LAI and whose transmitter pow- 
er level identifies it as belonging to the microcel- 
lular system unless the LAI to which it is respond- 
ing is one broadcast by a cell available for use by 



subscribers to the microcellular system. 

Cellular telecommunications networks embody- 
ing the invention, and methods according to the 
invention of operating cellular telecommunications 
s networks, will now be described, by way of exam- 
ple only, with reference to the accompanying dia- 
grammatic drawing in which: 

Figure 1 illustrates part of a cellular network; 
and 

to Figure 2 is a flow chart for explaining the opera- 
tion of the network of Figure 1. 
The cellular network to be described is a net- 
work capable of serving subscribers to Cm this 
example) two cBfferent systems. to the particular 

rs example being described, one of the systems is 
the proposed Pan-European cellular digital tele- 
phone system -the GSM system - which enables 
users (primarily mobiles but also inducting hand- 
held portables) to communicate with each other 

20 and with fixed and other telephones over a wide 
geographical area. The second system, in this ex- 
ample, is assumed to be a more restricted system 
primarily for personal communication, using hand- 
held portable units and in this specification is 

25 termed a rracro-ceOular network (MCM) system. 
The MCN system is intended to provide its sub- 
scribers with a more restricted service: thus, they 
are able to use the system only when they are 
present in a restricted part of the total area covered 

30 by the GSM system; however, when they are pro- 
vided with service, they can communicate with 
other subscribers to the MCN system as well as 
with fixed and other telephones (and including, in 
principle, subscribers to other cellular systems in- 

35 ducting the GSM system). For example, whereas 
GSM subscribers would have service throughout a 
large area (for example, covering part or substan- 
tially all of several European countries), MCN sub- 
scribers might be restricted to service within a 

40 particular part only, of a particular one of the 
countries or one or more cities or towns (for exam- 
ple, those above a certain population level) within 
one or possibly more than one such country. MCN 
subscribers might therefore tend to be domestic 

45 users, whereas GSM subscribers would tend to be 
business users. 

The network to be described is arranged so 
that, although it in principle grants service to a 
GSM subscriber throughout its area, service is only 

so granted to an MCN subscriber if the latter is 
present in the more restricted area corresponding 
to the subscription pakf for. 

Figure 1 shows, cfiagrammaticaHy, the cells of 
part of the network. The part of the network illus- 

55 trated has GSM cells ("macrocells") CI and Oil, the 
group of cells CI covering a particular geographical 
area I, termed a Location Area, and the group of 
cells Cll covering a different, and adjacent, geo- 
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graphical area I! - that is, a different Location Area. 
In practice, the network would also include other 
groups of cells forming further Location Areas, with 
a single country within the network being covered 
by a number of different Location Areas, each of 
which would comprise a relatively large number of 
separate macrocefls* 

In accord an ce with normal cellular practice, 
each macrocell is served by a respective base 
station (BS) comprising a racfio transmitter/receiver 
which is controlled by a respective base station 
controller A subscriber's mobile equipment (MS) 
loca te d within a cell of the network communicates 
(to the extent possible in accordance with the sub- 
scription paid and in a manner to be explained) by 
radio communication with the base station of that 
cefl and thence to the called party, such further 
communication being by racfio and/or land fine- The 
geographical extent of each cefl is dependent on 
the geographical conditions and the ch a racteristics 
of the racfio transmitter/receiver in each cefl and 
that of the radio transmitter/receiver of the MSl to 
practice, the cefls will be of irregular and varying 
shape and overlapping as indicated. Within each 
cell, a predetermined plurality of racfio channels is 
available for use for calls, the cellular arrangement 
enabling frequencies to be re-used within the net- 
work provided that the power and geographical 
separation between re-used frequencies is such as 
to prevent interference* 

Operation of the network requires, of course, 
that the location of each MS be known within the 
network. For this reason, the cefls are arranged in 
different Location Areas as already explained. All 
the ceils within a particular Location Area are ar- 
ranged to broadcast the same "Location Area Iden- 
tity- signal or LAI. the LAI for each Location Area 
differing from the LAI of the others. When a GSM 
MS enters a cefl in a particular Location Area, or 
when the MS becomes switched on, will receive 
the LAI of that Location Area from the base station 
of the eel) in which the MS is located In response 
to receipt of this LAI, the MS will transmit an 
identifying signal back to the base station, and in 
this way the network knows the position of the MS 
(that is, the Location Area in which the MS is 
located is known, though the actual cell is not 
known). When a call is to be made to that MS, the 
network knows that it must be made via a cell of 
the particular Location Area and a connection is 
established with the MS by means of a signal sent 
from all the cells in that particular Location Area. 
The MS receives the signal and responds to the 
BS of the nearest cell (that is, the cell from which 
the strongest signal is received). In this way, the 
particular cell in which the MS is located is iden- 
tified and the call set up through that cell's base 
station. As is well known, the call is "handed over" 



to the base station of another cell when the sub- 
scriber's MS moves there from the initial cell. 

As so far described, the network employs nor- 
mal GSM techniques. However, the network also 
s has to be able to handle calls to and from MCN 
subscribers. As already referred to above, MCN 
subscribers will be offered a different level of ser- 
vice - that is, it will be restricted to particular 
geographical areas forming part, only, of the total 

to area available to a GSM subscriber. As shown in 
the Rgure, three particular areas intended to be 
available to MCN subscribers are indicated at A, B 
and <X These areas could, for example, be areas 
encompassi n g relatively large cities or towns and 

is are the areas which are intended to be available to 
the MCN subscribers. Each of the areas A3 and C 
is made up of a number of "irocrocefls", that is, 
cefls of smaller power and smaller geograp hi cal 
area than the macrocefls of the GSM network; in 

2D principle, an area A3 or C could consist of only a 
single mkarocefl, though in practice ft is likely that it 
would comprise several such microcefls. The 
microcefls forming a particular area (e.g. areas A 
and C) could lie wholly within a corresponding 

25 macrocell or could fall within two or three macro- 
cefls (see area B). 

In order for the network to be able to allocate 
the respective levels of service to subscribers to 
the two systems, the GSM and the MCN systems, 

30 the network has to be able to identify the sub- 
scriber system to which each active MS belongs 
and to check, in respect of such MS, that it is 
present within a cell covered by that subscriber's 
subscription. Therefore, in accordance with a fea- 

35 ture of the network being described, the nrccroceJJs 
of each particular area of microcefls are provided 
with a particular LAI differing from the LAI of the 
groups of macrocefls. Thus, the microcefls of area 
A would be provided with an LAI which may be the 

40 same as or different from that of the microcefls of 
areas B and C - but is different from the macrocefls 
of areas I and II. Thus, the MS of an MCN sub- 
scriber will only be able to be linked into the 
network (that is, to make and receive calls) when it 

45 is present within a microcefl. If an MCN MS is 
present within a cell within area I or area II, but 
outside any of the areas A,B and C, it will receive 
the appropriate LAI broadcast by the ceil and will, 
in response, reply with an identifying signal. The 

so network will recognise this identifying signal as 
being from an MCN MS and will respond with a 
rejection message causing the MS to provide a 
"NO SERVICE" indication, thus blocking that MS 
from making or receiving calls. However, when the 

55 MCN MS moves into one of the areas A,B,C and 
receives the corresponding LAI and responds with 
its own identifying signal, the network will recog- 
nise that the corresponding subscriber's subscrip- 
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tion entitles that MS to service there and such 
service will thus be permitted. 

The foregoing assumes that a particular MCN 
subscriber's subscription entities service in all of 
the areas A3 and C. However,, it is of course 
possible that the subscription entitles operation 
only in one or two of these areas. The network is 
able to account for this variation by arran gi ng for 
the LATs of the areas A3 and C to be different 
instead of the same. 

The foregoing also requires that each sub- 
scriber's MS issues a signal identifying whether it 
ks a GSM MS or an MCN MS. A convenient meth- 
od of d&ingutshtng between GSM and MCN MS is 
by reference to the "Ctessmark" or power of each 
MS, GSM MS have a Ctessmark of t^3 or 4 
(indicating a power varying in the range 2D to 2 
watts). MCN subscribers have a Ctessmark of 5 
(0l8 watts). Each MS equipment includes an indica- 
tion of its Ctessmark in its identifying signal and 
tfus enables the network to extinguish between 
GSM and MCN MS in a simple way. 

to certain circumstances; an MCN subscriber 
may temporarily change to GSM service. For ex- 
ample, such a subscriber may temporarily connect 
a Class 5 hand-held MS to a power booster adapt- 
er (to example, a power booster adapter fftted in a 
vehicle), thus temporarily changing it to Class 4 or 
higher. The Identifying signal emitted by the MS 
will change accordingly, and the network will re- 
spond by granting GSM service - that is, by per- 
mitting such equipment to have service, temporar- 
ily, not only in the tnicrocells but also in the GSM 
macrocells. The network would thus automatically 
charge the subscriber accordingly. 

It will be apparent from the foregoing that GSM 
subscribers can operate throughout the areas I and 
II (that is, within the areas covered by both the 
macroceils and the microcells)- The network can be 
organised so that, when a GSM MS is within a 
microcell, communication with that subscriber is 
either via the base station of that mtcroceU or the 
base station of the macroceH; the MS wiD respond 
to the strongest LAI which will normally be that of 
the macroceU but may under certain circumstances 
be that of the microcell. An MCN MS in amicnxeU 
may also initially respond to the LAI of the cor- 
responding macroceU - because this will be the 
strongest LAI. However, as explained, service via 
this macroceU will be rejected. The MS will there- 
fore rescan for the next strongest LAI - which will 
be that of the microcell. 

As explained above, if an MCN MS is located 
outside a microcell (of, in this example, areas A.B 
and C), it will not be able to establish service - 
because the broadcast LAI will identify the cell as 
being a macroceJI and not a microcell and the 
identity of the MS will identify it as an MCN MS; a 



NO SERVICE indication will thus be given to the 
subscriber. However, in response to this, the MS 
may be arranged to perform "cell resetection". that 
is, to search for another cell permitting service to 
5 be established - that is, a microcell. Thus, if the 
MS is located adjacent to a microcell, it may be 
able to establish communication via that microcell - 
provided that the signal strength is sufficient 
Therefore, cell resetection involves the process of 
io searching for cells having other LATs. However, 
during this process, ceils having the same LAI as 
the initial one (which provided the rejection mes- 
sage causing the NO SERVICE signal) are ignored, 
if a moving MCN MS moves out of a microcell 
75 during a caO and into a macroceU, "hand over of 
the call to the macroceU may not be permitted - 
because the network win have established that the 
subscriber is not entitled to GSM service. Alter- 
nately the subscriber may be permitted temporary 
20 usage of the macroceU in order to complete the 
can. However, once terminated, no new calls would 
be permitted to be established in the macrocelL 

Although the network has been described as 
handling calls from two different types of subscrib- 
es ers only, it will be apparent that the same princi- 
ples can be applied to handle subscribers from 
three or more systems. 

The flow chart of Figure 2 illustrates the pro- 
cesses described above. 
30 Block 1 represents the situation when a mobile 
station (whether a GSM MS or an MCN MS) is 
switched on wHhin the network. Block 2 represents 
the case where an MS (again, a GSM MS or an 
MCN MS), already switched on, enters a ceil in a 
35 new Location Area (for example, it enters Location 
Area II from Location Area I or enters a Location 
Area comprising a group of microceils from the 
adjacent Location Area formed by the adjacent 
macrocells). 

4o In each case, the MS sends an identifying 
signal to the network (Block 3). 

The network receives this identifying signal, 
which includes an indication of the "Classmark" or 
power of the MS (Block 4). 

45 The network then checks the identifying signal 
to check whether the MS has a Ctessmark of 5 or 
not (Block 5). If the MS does not have a Ctessmark 
of 5 (but of 1,2,3 or 4), the network knows that it is 
a GSM MS and is thus emitted to service through- 

so out the network. The identifying signal is thus ac- 
cepted by the network (Block 6) and the MS pro- 
vides a "SERVICE- signal (Block 7), so that the 
subscriber may use the MS to make or receive 
calls. 

55 However, if (Block 5) the network identifies the 
MS as having a Ctessmark of 5, the MS is thus 
identified as an MCN MS. The network can thus 
now make a check (Block 8) whether MCN MS's 
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can use the current cell; in other words, it checks 
the LAI of the ceil to ascertain whether cells of this 
ceil group can be used by MCN MS*s. If the 
answer Is "yes* (that is* that the cell is a micro- 
cell)* the identifying signal is accepted by the net- 
work (Block 6) and the MS provides a "SERVICE* 
indication (Block 7). 

However, if the answer is "ho", the identifying 
signal is rejected by the network (Block 9) and the 
MS produces a "NO SERVICE" indication (Block 
10% The operator therefore knows that calls cannot 
be made or received* 

The MS now re-scans for a different LAI (Block 
11). ft checks whether ft can tune to a new LAI 
(Block 12). If the answer is "no", the process is 
repeated. If the answer ts "yes", the process re- 
peats from Block 2. Thus, if the MS is an MCN MS 
within a microcelf, ft may treoaDy tune to the LAI of 
the corresponding macrooeO because this has the 
greatest signal strength. At block & the checking 
process will produce the answer no - that is* the 
network will determine that the MS is not entitled to 
obtain service via the m acroceflL The steps illus- 
trated in blocks 9,10 and 11 are then followed At 
block 11, the MS wifl re-scan for a different LAI and 
wfll thus tune to the LAI of the mtcrocefl. The 
process then continues from block 2 again and, 
this time, the answer given at block 8 will be "yes" 
and the MS will therefore be able to receive ser- 
vice. 

Claims 

1. A cellular telecommunications network, charac- 
terised in that it permits communication with 
the subscriber equipment of at least two sepa- 
rate subscriber systems (e.g. GSMJtfCN), in 
that the ceOs (Ct,C»AB,C) of the network can- 
not all be used by the equipment of each of 
the systems (ag. GSM.MCN), and by means 
for respectively transmitting from the cells 
(CI,CIIAB,C) signals (LAI) identifying the par- 
ticular subscriber systems (ag. GSM.MCN) 
whose equipments can use the cells 
(CLCJIAB.C). and in that each subscriber 
equipment (MS) includes means operative in 
response to receipt of such identifying signal 
(LAI) for producing a responding signal iden- 
tifying the subscriber system (ag. GSM, MCN) 
to which the equipment belongs. 

Z A network according to claim 1, characterised 
in that each responding signal is a signal de- 
pendent on the Class or power of the sub- 
scriber equipment (MS). 

a A cellular telephone network, characterised in 
that it is adapted to serve subscribers to a 



macroceHular system (e.g. GSM) and also to 
serve subscribers to a microcellular system 
(ag. MCN), in that it defines a plurality of cells 
(CI V C!IAB,C) which can all be used by sub- 

5 scribers to the macrocellular system (GSM) 

but which cannot all be used by subscribers to 
the microcellular system (MCN), and in that 
the cells are grouped so that the cells of each 
such group (Ct;CII AB.C) all transmit the same 

io Location Area Identity signal (LAI) which differs 
from the LAI transmitted by the ceOs of at toast 
an the other adjacent groups (Ct;CIIAB,C), 
and by means in each subscriber equipment 
(MS) to respond to a received LAI by transmit- 

75 ting a responding signal identifying whether 
the equipment belongs to the macroceHular 
(GSM) or the microcellular system (MCN), and 
means in the network for blocking service to 
equipment identified as belonging to the micro- 

20 cellular system (MCN) unless the LAI identifies 
the group of cells as being available for use by 
subscribers to that system. 

4. A network according to claim 3, characterised 
25 in that the cells (A,B,C) available for use by the 
subscribers to the microcellular system (MCN) 
are geographically smaller than the other cells 
(CI.CII). 

30 5. A network according to claim 3 or 4, charac- 
terised in that the Class or power of the equip- 
ment of the microcellular system (MCN) is less 
than the power of the equipments of the sub- 
scribers to the macrocellular system (GSM), 

35 and in that the responding signal is a signal 
indicating the power of the respective equip- 
ment. 

6. A method of operating a cellular telephone 

40 network (ag. GSM), characterised in that it 
permits it also to offer service over part, only, 
of its area to subscribers to a microcellular 
system (ag. MCN). in that the cells (A.B.C) 
available for use by subscribers to the micro- 

45 cellular network (MCN) and defining the said 
part of the area are arranged to broadcast a 
Location Area Identity signal (LAI) differing 
from the LAI's broadcast by cells (CI.CII) avail- 
able for the macrocellular subscribers only, 

so and by the step of blocking the service to any 
equipment which responds to an LAI and 
whose transmitter power level identifies it as 
belonging to the microcellular system (MCN) 
unless the LAI to which it is responding is one 

65 broadcast by a cell (A,B,C) available for use by 
subscribers to the microcellular system (MCN). 
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